Abstract. With the development of various information and communication technologies, numerous applications are being developed and used in various fields in this modern society. However, these applications are mostly designed to provide convenience to general users, and applications for people with disabilities are small in number and inconvenient to use. Therefore, this study designed and implemented an application for the hearing impaired in particular. This application is intended to enable users with hearing impairment to communicate more easily with other people and to provide convenience in everyday life and emergency situations. We believe that many applications should be developed in various fields to provide the convenience of life to those who are experiencing information gap due to disability.
Introduction
The number of people with disabilities is increasing and the occurrence rate of hearing impairment among the disabilities is the third highest after physical disability and visual impairment [1] . According to the Ministry of Health and Welfare's '2014 Survey on the Status of People with Disabilities', the number of hearingimpaired people in South Korea was approximately 310,000 in 2014. Most of the people with hearing impairment acquired the disability and the higher the age, the higher the incidence became [2] . Among the various applications of information and communication technology, smart devices have become an essential part of everyday life such as educational and administrative services, shopping, and banking [3] . Applications in various fields are being developed for the increasing number of smartphone users and user-oriented smartphone applications for user convenience are also increasing [4] . However, smartphones are not convenient communication tools for people with hearing impairment, who have difficulty using even the most basic voice calls on a smartphone [5] . Even though there are some applications that can be used by people with disabilities who have limited physical and cognitive functions through education and training, the number and types of applications for the disabled in South Korea are very limited compared to other countries [3] . Furthermore, even the applications developed for the hearing-impaired are inconvenient to use because their services do not consider the hearing-impaired users properly [6] .
Consequently, this study designed and developed an application for the hearing impaired people who need special functions that are not provided by most of the applications made for general users. In order to develop this application, we examined the lacking features of existing applications for the hearing-impaired and investigated the daily lives of hearing-impaired people to find and improve their inconveniences. The application developed in this study implemented a feature to easily communicate through the sign language to solve the daily discomfort of the hearing impaired people, SOS feature to alert an emergency situation, a feature to set alarms by vibration to alert the hearing impaired people, and a feature to search the voices of non-disabled people and communicate them by sign language. Moreover, we added other features to help the hearing impaired such as food ordering and guidance to nearby welfare facilities for the hearing impaired. This application was implemented using Android Studio to allow the hearing impaired to use it more conveniently with various smart devices.
One limitation of this study is that it may be less usable for the disabled because people who responded to the questionnaire survey to investigate the feasibility of application development were non-disabled people. The usability of this application will be improved in our follow-up study.
The application developed in this paper is expected resolve the information gap and improve the convenience of living for the disabled people.
Related Research

Hearing impairment
Hearing impairment refers to a disorder in the ability to hear due to a damage of the hearing organ. Hearing impairment varies widely according to the severity from mild hearing loss, which cannot hear small sounds, to severe hearing loss, which cannot hear loud sounds [1] . Whereas the non-disabled people communicate by speech, the hearing impaired communicates in a different language according to their degree of disability.
There are various communication methods for the hearing impaired, such as sign language, oral method, total communication, and bilingual approach [7] .
Android Studio
Android is a software stack and an operating system for smartphones and other mobile devices, which includes middleware, user interfaces, and standard applications [8] . Android allows developers to write applications in Java language and provides runtime library for running complied byte codes. Furthermore, they provide various tools and APIs required to develop applications through the Android Software Development Kit (SDK). Android Studio is an Android development tool based on IntelliJ IDEX which is a famous integrated development environment (IDE). Therefore, developers can easily use various functions provided by IntelliJ.
In this study, we developed an application using Android Studio and created a virtual machine through the emulator which is a feature of Android Studio to implement it in an environment that is identical to the actual mobile phone.
Requirement Analysis
To develop the app for the convenience of the hearing impaired in this study, we added and improved various functions by conducting a questionnaire survey and benchmarking.
Survey Investigation
The survey was conducted between October 1 and 6, 216 using Naver Form. The number of respondents was 96 in total, consisting of 73 males and 23 females. Figure 1 to 4 show the graphs of significant results obtained from the survey. As a result of the survey, 74% of the respondents answered yes to "I have seen hearing-impaired people who were having difficulty in daily life." To the question, "Have you helped any hearing-impaired person who was having difficulty?" 67% answered that they have not. To the question, "If you had hearing impairment, what would be most inconvenient in your life?" the largest number of respondents answered 'conversation,' followed by 'response to emergency,' 'watching TV,' and 'Others.' Furthermore, 83% of the respondents answered that they have no intention to learn sign language.
The survey results showed that many respondents have seen hearing impaired people but did not help them. Many respondents thought that conversation would be the most difficult if they had hearing impairment. In addition, most of the respondents had no intention to learn sign language for communication with the hearing impaired people. Therefore, the survey results suggest that information and communication technology and other helpful devices are needed for communication between the non-disabled and the hearing impaired.
Benchmarking
To improve the usefulness of the application developed in this study, the currently used applications for the hearing impaired were investigated for benchmarking and their weak points were noted for supplementation. Figure 5 shows the benchmarked applications. As a result of benchmarking, 'Sonmal Yieum Center' helped communication between hearing impaired people and relay person by translating or converting sign language into texts. 'Share Typing' provides real-time subtitles and stenographers delivered messages through real-time typing at schools, churches, seminars, etc. 'National Library Video Data Pavilion for the Disabled' provided sign language and subtitles to allow the hearing impaired to read library materials anywhere. The benchmarking results showed that applications to help the daily life of the disabled were insufficient and the translation feature using sign language was difficult to use because it required a relay person. Therefore, the application for the hearing impaired developed in this study added a feature to search dialogues and information for general users as well as for the hearing impaired during conversations where the hearing impaired feel most discomfort. Sign language dictionary, sign language search and browsing, and expert connection features were added to design and implement a more convenient and fast application. Figure 6 shows the flowchart of the application developed in this study. The numerical word search, voice translation, vibration alarm, SOS, substitute order, and welfare facility search features were defined.
Design
Flowchart
Fig. 6. Flowchart of the Application
UI Design
The following shows the user interface (UI) of the application developed in this study. The image at left in Figure 7 is the 'Log In' UI for logging in to or signing up for the application, which consists of password input field, sign up and log in buttons. The image at right in Figure 7 shows a page where you can choose any function of the application to run the function. The UI page for 'sign language search' is shown at left in Figure 8 . It consists of a sign language dictionary where users can search sign language by connecting with a sign language search site and a feature for making a video call with a sign language expert.
The UI at right in Figure 8 shows a page that can be used by the hearing impaired in an emergency or to seek help from surrounding persons. It includes messaging feature for sending text messages to the stored phone 
Implementation
In this study, eight functions were implemented as prototype, including log in, sign up, sign language search, void translation, vibration alarm, SOS, substitute order, and welfare facility guide.
Log In and Sign Up
Figure 9 below shows the screens for Log In and Sign Up. The application developed in this study was designed to ask for the minimum personal information, considering that the users are disabled people who have difficulty using the application When the ID that a user wants is already taken by another user, a message requesting recently is displayed. When user clicks the JOIN button, the sign-up process is completed and the Log In page appears. When user clicks the 'CANCEL' button, the main page appears. Fig. 9 . 'Log In' and 'Sign Up' Implementation screen
Intro and Main Screen
Figure 10 below shows the intro and main screens of the application. The intro screen was named Eleven (11) by rotating the equal sign '=' which means equality by 90 degrees. When the main screen appears after log in, the menu icons appear, including sign language search, voice translation, vibration alarm, SOS, substitute order, and welfare facility guide. Users can click an icon to go to the desired menu.
Fig. 10. 'Intro' and 'Main' Implementation Screen
Sign Language Search and Sign Language Dictionary
Figure 11 below shows the sign language search screen. This screen appears when the sign language search icon is clicked in the main screen. The sign language dictionary screen shows the Korean Sign Language Dictionary page where you can enter a sign language to search and play videos. Figure 14 below shows the SOS screen. A preset text message is sent to the pre-set number in an emergency. When you select the siren icon, the emergency is notified to people in the vicinity by outputting a siren sound. When you click the siren button once again, the siren sound will stop. Figure 15 below shows the substitute order screen. When you click the 'Substitute Order' button, select the connected restaurant phone number and order item, and click the Order button, a text message is sent to the restaurant. An application for the smooth communication and convenient life of the hearing impaired people was designed and implemented. For this application, searching sign language search feature and voice to text translation feature were designed to facilitate communication between the hearing impaired and nondisabled people. In addition, vibration alarm and SOS alert features were designed and implemented for the safety of the hearing impaired. In addition, welfare facility guide feature was added to help users easily find welfare facilities. In South Korea, smartphones have become popular among the disabled, but there are not many applications that have considered the environment for the disabled. This study intended to help the hearing impaired people to lead more convenient and safe life and to communicate easily with non-disabled people. This application will help bridge the information and communication gap of the disabled.
SOS and Substitute Order
The development and propagation of smartphone applications for the disabled are not as active as those for general users. However, more smartphone applications for the disabled should be developed because they have constant demand. Furthermore, many applications in various areas are required to resolve the information gap and improve the convenience of living for people with various disabilities.
